Abstract: An efficient cooling system is an essential part of the electronic packaging such as a high-luminance LED lighting. A special technology, Pulsating Heat Pipe (PHP), can be applied to improve cooling of a sealed, explosion-proof LED light fixture. In this paper, the characteristics of the pulsating heat pipes in the imposed thermal boundary conditions of LED lightings were experimentally investigated and a PHP device that works free of alignment angle was investigated for cooling of explosion-proof LED lights. Five working fluids of ethanol, FC-72, R-123, water, and acetone were chosen for comparison. The experimental pulsating heat pipe was made of copper tubes of internal diameter of 2.1 mm, 26 turns. A variable heat source of electric heater and an array of cooling fins were attached to the pulsating heat pipe. For the alignment of the heating part at bottom, an optimum charging ratio (liquid fluid volume to total volume) was about 50% for most of the fluids and water showed the highest heat transfer performance. For the alignment of the heating part on top, however, only R-123 worked in an un-looped construction. This unique advantage of R-123 is attributed to its high vapor pressure gradient. Applying these findings, a cooling device for an explosion-proof type of LED light rated 30 W was constructed and tested successfully.
Introduction
Recent environmental concern of carbon dioxideinduced global warming as well as high oil price has recalled again the increasing demand of high efficiency energy systems. In lighting industry, the high-efficiency LED (Light Emitting Diode) is expected to replace the conventional lighting systems [1] .
However, the LEDs, the light sources, are semiconductors which require much lower operating temperature compared to the conventional electric light bulbs. Insufficient dissipation of the heat produced in the LEDs (typically ~90% of the power consumed) could cause a reduction of the LED lifetime as well as the luminance. Heat dissipation of the LED lighting is, therefore, one of the key technologies that can provide the reliability of the LED lighting systems [2] .
In this study, a Pulsating Heat Pipe (PHP) has been considered as a potential candidate for the [4] . Also it was reported that the closed-loop type with check valve showed better thermal performance than the closed-loop without check valve due possibly to the role of the check valve [5] . A closed-loop type without check valve is the simplest in construction and thus it is the most common type in the past work. In the present study, a closed-loop type pulsating heat pipe was mainly investigated.
In the past, many experimental and analytical works have been performed to investigate the pulsating flow characteristics and design parameters that influence the heat transfer performance of the pulsating heat pipes. Kim et al. [4] performed an experiment using a PHP consisting of twenty rectangular channels of 1.5 by 1.5 mm. They In the present study, a PHP with an increased number of turns was tested with the five working fluids for both alignments in order to find a PHP that works free of alignment angle.
Experimental Apparatus
An experimental pulsating heat pipe was The experimental parameters are summarized in Table 2 . Throughout the experiment, the heating Table 1 . The charging ratio, defined as the ratio of liquid working fluid charged to the total volume, was set at 50%, which was experimentally found to be an optimum value [12] . Every time the fluid was charged, the system was first completely vacuumed down to 5 kPa and any noncondensable gas (air) was prevented to enter the system using a specially designed charging system using a three-way valve. The temperatures were measured using T-type thermocouples at the heater surface, cooling fin base, and some locations on the tube surface in the adiabatic region. The temperature data were monitored and recorded using a Labview data logger.
Results and Discussion

Effect of Alignment and Working Fluid
The objective of this study is to find a cooling device applicable to a flameproof LED light which is free of alignment angle; i.e., the cooling must work The temperature traces obtained in the test with R-123 is shown in Fig. 5 . It is shown that in the top-heat mode with unlooped type, the heat transfer was stable, but with looped type, the pulsating heat pipe did not work properly. The heat transfer rate in each case of R-123 tests is compared in Table 3 . In unlooped type, the heat transfer rate in top heated mode is smaller than that of bottom heated mode by 30%.
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Application to 30 W LED Light
The experimental findings in the present study Applying these findings, a cooling device for an explosion-proof type of LED light rated 30 W was constructed and tested successfully.
